Abstract. α-fetoprotein (AFP)-producing colorectal adenocarcinoma is rare and typically not well recognized. In the present study, 3 cases of AFP-producing colorectal cancer are described. All 3 of these cases demonstrated increased levels of blood AFP associated with disease progression. Only case 2 exhibited classical histological hepatoid features. Following immunohistochemical tissue staining, all 3 cases were observed to be positive for AFP expression. In addition, the expression of hepatocyte growth factor (HGF), c-Met receptor and the transcription factor c-Myc were identified to be associated with the expression of AFP. The 3 cases demonstrated resistance to multiple drugs, including epidermal growth factor receptor inhibitors, despite the presence of wild-type Kirsten rat sarcoma viral oncogene homolog (K-RAS; codons 12 and 13), neuroblastoma-RAS (codons 12 and 13) and B-Raf proto-oncogene, serine/threonine kinase (V600E). We propose that hepatoid histological features or a positive AFP finding by immunohistochemistry are sufficient for a diagnosis of AFP-producing colorectal adenocarcinoma. Furthermore, we speculates that autocrine HGF/c-Met activation may be capable of inducing the dedifferentiation of common adenocarcinoma cells, reverting them to a cancer stem cell state and producing AFP or hepatoid differentiation. Consequently, therapy targeted to the HGF/c-Met signaling pathway may potentially be effective for the treatment of AFP-producing colorectal adenocarcinoma.
Introduction
α-fetoprotein (AFP)-producing adenocarcinoma (APA) is a non-hepatocellular adenocarcinoma that secretes AFP. Hepatoid adenocarcinoma (HA) is similar but not identical to APA. HA is typically diagnosed when extrahepatic adenocarcinoma exhibits a specific histological appearance, including solid, trabecular and pseudogranular structures with polygonal cells, whether or not these cells are capable of producing AFP (1, 2) . At present, to the best of our knowledge, there is no consistent description for APA/HA (3) . As a result, the real incidence of APA/HA is unknown. The majority of reported cases arise from the gastrointestinal tract, especially the stomach. The proportion of APA/HAs originate from stomach has been reported to be ~1-15%. Moreover, the colorectal APA/HA is rare. The clinical presentation of APA/HA vary greatly depending on the anatomic location of the tumor (1, 2, 4) . Gastrointestinal APA/HA has a clinicopathological presentation that mimics primary hepatocellular carcinoma, and it possesses a poor prognosis due to the frequent occurrence of metastasis and multidrug resistance (4) . Understanding the underlying mechanism of APA/HA is key for the improvement of its diagnosis and treatment. In the present report, 3 cases of colorectal APA are presented and a potential molecular etiology is proposed. The present study was approved by the Ethics Committee of the Second Affiliated Hospital, Zhejiang University School of Medicine (Hangzhou, China).
Case report

Case 1.
A 66-year-old man presented at The Second Affiliated Hospital, Zhejiang University School of Medicine (Hangzhou, China) with the symptoms of melena, which had been evident for 5 years, and epigastric pain, which had been evident for Expression of hepatocyte growth factor and c-Met is characteristic of α-fetoprotein-producing colorectal adenocarcinoma: A report of three cases 2 IV over 2 h on day 1 plus 5-FU 400 mg/m 2 IV bolus on day 1, then 2,400 mg/m² IV infusion over 46 h; repeat every 2 weeks) and cetuximab chemotherapy post-operatively (500 mg/m 2 IV over 3 h; repeat every 2 weeks) MRI and CT scanning revealed metastasis to the clivus and involvement of the cavernous sinus. Radiotherapy (3,000 cGy in 10 fractions) directed at the bone metastases was added to the patient's treatment regimen. However, the symptoms were not alleviated and the patient suffered progressively worsening insomnia. Blood tests revealed CEA, CA19-9 and AFP concentrations of 4.6 ng/ml, 9.0 U/ml and 2,554.3 ng/ml, respectively, on May 9, 2012, and 18.2 ng/ml, 64.0 U/ml and 7,049.1 ng/ml, respectively, on June 13, 2012. The patient succumbed to multiple organ failure in July 2012. Histological images of the primary tumor are presented in Fig. 1 . Additional direct sequencing confirmed the wild-type N-RAS (codons 12 and 13) and BRAF (V600E) gene types of primary cancer.
Case 2.
A 49-year-old man, who presented with hematochezia, was diagnosed with moderately-to poorly-differentiated rectal adenocarcinoma at a local hospital in June 2012. Hepatitis markers were identified to be negative. The patient was administered 2 cycles of mFOLFOX6 chemotherapy, followed by local radiotherapy DT 4,500 cGy in 25 fractions. On September 7,2012, PET-CT scanning revealed a number of enlarged lymph nodes in the mesorectum and retroperitoneum, with suspicious metastases in the liver and lung, and a blood AFP concentration of 953.9 ng/ml. Following 1 cycle of capecitabine plus oxaliplatin chemotherapy, the patient underwent a palliative Hartmann's procedure at our hospital on October 25, 2012. A pathological report indicated a moderately-differentiated rectal adenocarcinoma (with a partial response), with the involvement of 0/6 lymph nodes. Post-operatively, the patient's blood AFP concentration was 64.8 ng/ml. Following 3 cycles of FOLFIRI chemotherapy (as above), the patient experienced severe headaches. A CT scan revealed metastasis to the left occipital lobe. The patient underwent an emergency decompressive craniectomy and tumor resection on January 21, 2013, and the post-operative blood AFP concentration was 383.7 ng/ml. In March 2013, a CT scan revealed that the lung and residual brain metastases had progressed, and there was additional suspicious testicular metastasis. The blood AFP concentration was 694.7 ng/ml. The patient subsequently received palliative whole-brain radiotherapy (3,000 cGy in 10 fractions), following the completion of which, the AFP concentration was 3,350.7 ng/ml. The patient was then administered 6 weeks of tegafur/gimeracil/oteracil potassium (S-1; 60 mg/m 2 orally twice daily 4 weeks) and ginsenoside Rg3 (20 mg/m2 orally twice daily 4 weeks). However, the residual brain and lung tumors progressed significantly, and a large supraclavicular lymph node metastasis was detected. On June 15, 2013, the patient's blood AFP concentration was 8,315.4 ng/ml. The patient succumbed to a cerebral hernia on June 25, 2013. Histological images of the primary tumor and brain metastasis are shown in Fig. 1 . Direct sequencing confirmed the wild-type K-RAS (codons 12 and 13), N-RAS (codons 12 and 13) and BRAF (V600E) gene types of primary cancer.
Case 3.
A 62-year-old man was diagnosed with a sigmoid adenocarcinoma via colonoscopy at a local hospital on November 13, 2012. Blood tests indicated CA19-9 and AFP concentrations of 82.6 U/ml and 36,161.5 ng/ml, with negative hepatitis markers. A CT scan revealed multiple liver tumors. A liver biopsy at our hospital revealed a poorly-differentiated adenocarcinoma with hepatocyte paraffin 1 (Hep par 1)(-), caudal type homeobox 2(-), cytokeratin (CK)19(+) and AFP(+) findings, which were considered to indicate metastasis. Blood tests showed CEA, CA 19-9 and AFP concentrations of 9.8 ng/ml, 104.5 U/ml and >10,000 ng/ml, respectively. The patient was recruited into a clinical trial of oxaliplatin (130 mg/m 2 IV over 2 h on day 1) and S1 (60 mg/m 2 orally twice daily for 2 weeks; repeated every 3 weeks) for the treatment of metastatic colorectal cancer. Following 4 cycles of this treatment, the disease was observed to be stable, with blood CEA, CA 19-9 and AFP concentrations of 14.5 ng/ml, 116.0 U/ml and 5,717.1 ng/ml, respectively. The patient experienced intestinal obstruction following the fifth cycle of chemotherapy, at which time the blood CEA, CA 19-9 and AFP concentrations were 16.5 ng/ml, 113.7 U/ml and >10,000 ng/ml, respectively. The patient subsequently underwent a palliative resection for the sigmoid adenocarcinoma on April 9, 2013. The pathology report indicated a moderately-differentiated colon adenocarcinoma, with the involvement of 10/17 lymph nodes. Immunohistochemical results were Hep par 1(+), CDX2(+++), CK19(+++) and AFP(++). On May 14, 2013, a CT scan revealed that the liver metastases had progressed significantly and the blood CEA, CA19-9 and AFP concentrations were 18.4 ng/ml, 217.0 U/ml and >10,000 ng/ml, respectively. Subsequently, the patient was administered 5 cycles of FOLFIRI chemotherapy (see above), however, the liver metastases continued to progress significantly. The K-RAS gene was confirmed to be wild-type on direct sequencing. The patient was subsequently administered 8 cycles of FOLFIRI and cetuximab chemotherapy (see above) until November 23, 2013, when a CT scan revealed that the disease was stable. However, the patient suffered from increasing liver pain. On October 31, 2013, a blood test showed CEA, CA 19-9 and AFP concentrations of 9.5 ng/ml, 154.9 U/ml and 74,336.9 ng/ml, respectively. The patient succumbed to hepatic failure on January 2, 2014. Histological images of the primary tumor are presented in Fig. 1 . Additional direct sequencing confirmed the wild-type N-RAS (codons 12 and 13) and BRAF (V600E) gene types of primary cancer.
Discussion
APA/HA was initially reported by Ishikura et al (5) in 1985; however, its incidence rate remains largely unknown due to the lack of a unified diagnostic standard. The majority of APA/HA cases arise from the gastrointestinal tract, particularly the stomach. Among gastric carcinomas, the proportion of APA/HAs has been reported to be 1-15% (1,2,4) . In the USA, the overall incidence of gastric and colorectal cancers is >50/100,000 individuals (6). Therefore, if the proportion of APA/HAs is 1%, the expected incidence of APA/HA would be ~0.5/100,000 individuals, which is equal to the incidence of gastrointestinal stromal tumors. Thus, APA/HA is a type of cancer that is frequently overlooked. A previous study with a small sample size suggested that HA with characteristic histological features possessed a poor prognosis, whether it was AFP-producing or not, and that HA should be distinguished from APA without hepatoid features (1) . In the present study, only case 2 demonstrated classical histological hepatoid features. However, all 3 cases showed high levels of blood AFP and positive staining for AFP in the tumor tissue samples. We propose that hepatoid histological features or a positive immunohistochemical AFP finding is sufficient for a diagnosis of APA/HA.
The 3 cases of APA/HA in the present study all exhibited primary resistance to chemotherapy. As the disease progressed, the APA/HA component of the primary liver adenocarcinoma became more dominant, which was reflected in consistently elevated AFP concentrations, but reasonably stable levels of CEA and CA19-9. Although the 3 cases exhibited wild-type K-RAS (codons 12 and 13), N-RAS (codons 12 and 13) and BRAF (V600E), which was confirmed via direct sequencing, 2 of the patients (cases 1 and 3) who received cetuximab treatment demonstrated resistance to epidermal growth factor receptor (EGFR) inhibitors. The mechanisms of resistance for colorectal cancers exhibiting such gene types are complex (7). Liska et al (8) identified that the hepatocyte growth factor (HGF)/c-Met receptor kinase signaling pathway is able to induce resistance to anti-EGFR treatment via stimulation of the mitogen-activated protein kinase and AKT signaling pathway.
All 3 cases in the present study were identified to exhibit activation of the HGF/c-Met signaling pathway. In case 2, the primary tumor was negative for HGF/c-Met expression following radiochemotherapy; however, the brain metastasis was strongly positive for HGF/c-Met expression. The authors of the present study propose that HGF and c-Met tyrosine kinase activation may be the key signaling pathway via which APA/HA occurs. Paracrine HGF/c-Met activation is believed to contribute to oncogenesis and tumor progression in a number of cancers, and to promote aggressive cellular invasiveness, which is associated with tumor metastasis (9) . Myofibroblast-secreted HGF is able to activate β-catenin-dependent transcription, and subsequently colon cancer stem cell clonogenicity. In addition, myofibroblast-secreted HGF is capable of restoring the cancer stem cell phenotype in more differentiated tumor cells (10) . It has been demonstrated that HGF secreted by stromal cells is able to elicit an innate resistance to numerous anticancer drugs (11) . However, the HGF in the present 3 cases was detected in adenocarcinoma cells and not stromal cells. As a result, we speculate that autocrine HGF/c-Met activation may be able to induce dedifferentiation of common adenocarcinoma cells, which revert to a stem cancer cell phenotype and produce AFP or hepatoid differentiation. Consequently, therapy targeted to the HGF/c-Met signaling pathway may potentially be an effective treatment for APA/HA.
